Background
Inhibitors of the mammalian target of rapamycin (mTOR) are increasingly used as immunosuppressive agents in organ transplant recipients, especially when a calcineurin-free regimen with less renal toxicity is desired. However, mTOR inhibitors, including sirolimus, are reported to be associated with a variety of adverse effects that include impaired wound healing [1] , interstitial pneumonitis [2] , anemia, hyperlipidemia [3] , vascular thrombosis [4] , ascites, lymphocele, peripheral edema, and pleural effusion [5] .
This report describes a case of sirolimus-induced pleural effusion and enlargement of a transplanted kidney presenting with abdominal pain and swelling following routine renal needle biopsy and following the replacement of cyclosporin with sirolimus anti-rejection therapy. Hydronephrosis and nephrotic syndrome were excluded as causes of kidney enlargement. The patient's symptoms improved following discontinuation of sirolimus and completely resolved within the following three months. To our knowledge, this is the first case of sirolimus-induced lymphedema of the transplanted kidney and abdominal wall with ipsilateral pleural effusion following kidney biopsy.
Case Report
A 32-year-old woman with a history of end-stage renal disease of unknown etiology had undergone renal transplantation from an unrelated living donor, eight years previously. She was referred to our hospital with dyspnea, localized abdominal pain, and swelling of the transplanted kidney. The symptoms appeared several days following a kidney biopsy and the replacement of cyclosporin with sirolimus.
Four months before admission to our hospital, a kidney biopsy had been performed for asymptomatic proteinuria and mild allograft dysfunction. The blood creatinine level at the time of performing the needle biopsy was 1.4 mg/dL. The histopathology findings from the renal biopsy included proliferative glomerulonephritis and suspected cyclosporin toxicity. Following the renal biopsy results, cyclosporin treatment was switched to sirolimus, 1 mg twice a day. Her other maintenance immunosuppressive therapy included prednisone and mycophenolate. Several days after the kidney biopsy procedure and change to sirolimus therapy, swelling and pain appeared at the site of the kidney biopsy in the right lower abdominal quadrant and progressed over the following four weeks. She developed symptoms of dyspnea two weeks before admission to our hospital.
On hospital admission, physical examination showed a normal blood pressure, reduced breath sounds over the lower and central the right lung, localized non-pitting swelling, and tenderness of the right lower abdomen associated with an enlarged right-sided transplanted kidney. Fever, peripheral edema, ascites, lymphadenopathy, or organomegaly were not detected. Chest X-ray confirmed a right-sided pleural effusion. During her hospital admission, the pleural effusion required frequent drainage, due to fluid re-accumulation and associated dyspnea.
The results of laboratory investigations showed mild anemia, proteinuria, and a transudate pleural effusion (Table 1) . Serum and pleural fluid creatinine levels were 1.2 mg/dL and 1.0 mg/dL, respectively. The serum sirolimus base level was 15.6 ng/mL. The creatinine level remained at a constant level during the patient's hospital admission. While the length of the transplanted right kidney, measured by abdominal ultrasonography (US) was 120×62 mm at the time of performing the kidney biopsy four months previously; on the day of hospital admission, the right kidney was 160×83 mm in length. Ultrasound-guided aspiration of a small collection of perinephric fluid was unsuccessful.
Other clinical findings included normal echocardiography, no abnormalities in Doppler ultrasound of the renal vessels, the absence of pulmonary emboli in chest CT angiography, and no urinary leak was detected on diuretic-enhanced 99mTc (DTPA) renal scan. However, the spiral CT scans of the chest, abdomen, and pelvis showed a massive right-sided pleural effusion with adjacent lung atelectasis, normal lung parenchyma, and enlarged right transplanted kidney, localized edema of the abdominal wall, and fluid accumulation suggesting hydronephrosis (Figures 1, 2) . The renal DTPA scan and further radiological examination with intravenous contrast did not confirm hydronephrosis (Figure 3) . Therefore, both hydronephrosis and nephrotic syndrome were excluded as causes of kidney enlargement.
In the absence of any other causes, sirolimus was believed to be the cause of the complications found in this patient, was replaced with tacrolimus, and the patient was discharged from hospital. The abdominal swelling and pleural effusion reduced, and ultimately resolved, in a period of three months after discharge from hospital. In her last follow-up, two years after discontinuation of sirolimus, we did not detect any kidney enlargement or fluid collection around the transplanted kidney. Renal ultrasound showed that the right kidney was 127 mm in length, and urine protein was <800 mg/24 hours.
Discussion
Treatment of transplant patients with the mammalian target of rapamycin (mTOR) inhibitors, sirolimus or everolimus, have been reported to be associated with increased incidence of lymphocele following kidney transplantation surgery [5] . This finding is suggestive of the potential of mTOR inhibitors to prevent the healing of lymphatic channels damaged during surgery. Furthermore, mTOR inhibitors can create localized or generalized lymphedema in different parts of the body at any time after transplantation [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The exact pathophysiology of lymphedema attributed to mTOR inhibitors is not understood, but mTOR inhibition has been shown to blocks cytokine-mediated T-cell proliferation, and this is the basis for their clinical use in preventing organ transplant rejection.
However, the activity of sirolimus is not limited to the immune system. Studies on lymphangiogenesis have shown that delayed surgical wound repair and closure of disrupted lymphatic vessels are unwanted consequences of mTOR inhibition [21] . Damage to the lymphatic drainage by trauma, surgery, infection, chronic inflammation, or cancer is followed by the proliferation and migration of damaged lymphatic endothelial cells through the stimulation of endothelial cell growth factors, including VEGF-A and VEGF-C, and inhibitors of mTOR may prevent this process and lead to impaired reconstruction of lymphatic channels [21] . Also, recent studies have shown that sirolimus may increase capillary permeability, and the resultant overproduction of lymphatic fluid enhances interstitial pressure leading to compression of lymphatic vessels [6] . Localized lymphedema, secondary to sirolimus or everolimus treatment, has been reported to involve the extremities, but other locations such as eyelid, face, breast, and flanks can be affected [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Swelling of tissues associated with sirolimus treatment has been reported either as an isolated, localized lymphedema, or with edema of the extremities.
A review of the literature has shown that only 28 case reports of lymphedema of the extremities have been published following the use of mTOR inhibitors (Table 2 ). In most of these patients, lymphedema was unilateral or asymmetrical, and it was differentiated from other causes of edema based on information provided by lymphoscintigraphy, lymphangiography, or clinical findings. The involvement of the upper extremities was reported in 14 patients, all of whom had unilateral findings; in nine cases, an arteriovenous (AV) fistula was found in the affected limb. The contribution of AV fistula in potentiating the development of lymphedema associated with sirolimus may be related to the surgical damage of the lymphatic system being associated with high venous pressure and the resultant increased lymphatic load.
In this report, we described the case of a young woman with a painful, enlarged transplanted kidney and abdominal wall swelling, whose symptoms commenced following needle biopsy of the kidney and who then developed abdominal wall edema and transudate pleural effusion. The results of renal scintigraphy and the measurement of pleural fluid creatinine did not provide evidence for biopsy-induced urinary tract rupture or urinothorax. Histology of the kidney showed no evidence of an infiltrative process, such as lymphoma. Because the symptoms in this patient commenced after initiating sirolimus treatment and resolved within three months after sirolimus treatment withdrawal, we believe that sirolimus was the cause of the patient's symptoms and that by prevention of repair of lymphatic vessels that may have been damaged during the procedure of kidney biopsy.
Renal biopsy has previously been reported to cause damage to lymphatic structures. Kulkarini et al. reported the development of severe ascites in a patient with a kidney transplant, two weeks after performing a kidney biopsy for a high serum creatinine, and simultaneous replacement of tacrolimus with sirolimus [22] . The patient required twice-weekly therapeutic paracentesis, and lymphangiography and laparoscopy showed a subcapsular lymphocele and lymph leak from the capsular rupture at the site of the kidney biopsy [22] . In another patient with a history of kidney transplantation receiving sirolimus, impaired lymphatic reconstruction was reported after laparoscopic cholecystectomy leading to the development of chylous ascites two months following the procedure; the ascites resolved a month after sirolimus withdrawal [23] . Damasiewicz et al. reported unilateral lymphedema of the upper limb appearing two weeks after an insect bite in a limb with AV fistula in a patient with kidney transplantation receiving sirolimus [14] . We did not confirm lymphatic congestion of the abdominal wall with lymphoscintigraphy in the patient reported in this case, but have not found any other explanation for a non-pitting painful localized abdominal wall swelling in a patient receiving sirolimus, a medication with wellknown effects on the lymphatic system.
Pleural effusion has previously been reported as a complication of sirolimus treatment. In this case report, the patient's pleural effusion developed in association with other symptoms and became so severe that it required frequent pleural fluid drainage. Because the pleural effusion and other clinical abnormalities of this patient completely resolved following the withdrawal of sirolimus treatment, we conclude that this complication was attributed to sirolimus. Although pleural effusion, ascites, and lymphocele have previously been reported as complications of the use of mTOR inhibitors [5, 25] , to the best of our knowledge sirolimus-induced lymphatic congestion of internal organs has never been previously reported. In this case presentation, severe enlargement of the transplanted kidney could have been due to lymphatic congestion of the transplanted kidney. A normal kidney has two connected lymphatic systems; the first drains lymph from the cortex to the subcapsular networks and perinephric lymphatics; the second is the hilar system that collects lymph from the renal cortex and medulla to the hilar lymphatic ducts, and so ligation of hilar lymphatic ducts during surgery leads to drainage of lymph through subcapsular lymphatics [24] . After surgery, lymphangiogenesis can connect perinephric lymphatics to the lymphatics of the abdominal wall, and this may be an explanation for simultaneous congestion and swelling of the kidney and overlying abdominal wall, as well as the development of ipsilateral pleural effusion in our patient.
A review of the literature has shown that there have been few case reports of lymphatic disorders of native kidneys, or renal lymphangiectasia, characterized by insufficient lymphatic drainage of the kidney due to the failure of communication between the lymphatics of the kidney and with larger retroperitoneal lymphatic ducts [26, 27] . The resulting ectasia of lymphatic spaces may lead to enlargement of the kidney, as well as cyst formation or lymph accumulation in renal sinuses and perinephric spaces, but the pathophysiology of this disorder is still unknown and relies on information from case reports. Inflammation, infection, trauma, or malignancy have been suggested as the etiologies of the acquired forms of this disorder [26, 27] . However, sirolimus and kidney biopsy has not been previously reported as the cause of lymphangiectasia of the native kidney.
There were some similarities in the clinical presentation, including the association with pleural effusion, and the radiologic findings of our patient, with those seen in lymphangiectasia of native kidneys, and it is possible that our patient may Table 2 . Literature review of previously reported cases of mammalian target of rapamycin (mTOR) inhibitor-induced lymphedema of the extremities.
be the first case of renal lymphangiectasia in a transplanted kidney. In this report, the patient presented with pleural effusion on the same side as the enlarged transplanted kidney, the pleural fluid was clear, a transudate, as in previously reported rare case reports of renal lymphangiectasia. These findings may indicate a renal origin for the pleural fluid with a low lipid and protein concentration [26, 27] . In some case reports, renal lymphangiectasia has led to proteinuria or deterioration of renal function [26] . In our patient, proteinuria worsened after the appearance of symptoms and reduced following sirolimus withdrawal.
In previously reported cases of mTOR inhibitor-induced lymphedema, early withdrawal of the medication led to partial or complete resolution of edema after several months. Our patient's symptoms resolved within three months after discontinuation of sirolimus. However, in some patients, especially when mTOR inhibitor consumption continued for a longer period after the appearance of symptoms, cessation of the treatment had no significant effect on improvement of edema (Table 2) . Hence early cessation of therapy may prevent irreversible damage to lymphatic tissues.
Conclusions
Lymphedema in the skin of the extremities, abdominal wall, face, and breast, have previously been reported as a relatively rare complication of mTOR inhibitor use but may involve internal organs such as the kidney. In patients treated with sirolimus, lymphatic damage caused by kidney needle biopsy may be a predisposing factor for this complication. This case report has shown that lymphedema of the transplanted kidney can involve the adjacent abdominal wall and become associated with an ipsilateral pleural effusion. Therefore, transplant clinicians should be made aware of this unusual complication of mTOR inhibitor therapy to prevent unnecessary and expensive investigations and to allow for a decision to be taken regarding discontinuing sirolimus anti-rejection therapy.
